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Abstract 
In regard to other methods, nano-structured polymers present a credible alternative for the detection of air pollutants 
and in particular for ammonia detection. They can have large response to the pollutant, a very low detection 
threshold, a short response time and are relatively easy to fabricate. For polyaniline (PANI) composites, the 
metrological performances depend on the method of synthesis, the nature of dopant, of the polymer matrix and of 
the sensors fabrication. In this work, the ammonia sensing properties of composite materials based on PANI doped 
with a sulfonic acid in a polyurethane matrix were studied in the ppm range. It is shown that the deposition process 
of polymer solutions by electrospinning compared to the drop coating process improves the sensing properties in 
terms of sensitivity and response time. These results are interpreted by the modification of the morphology of 
materials. 
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1. Introduction 
The existing chemical sensors are typically composed of a sensitive layer capable selective interaction with a gas 
and a transducer, which converts the chemical interactions into electrically measurable response signal. Ideally, such 
sensors are to have high sensitivity to the analyte, short response time, and small geometrical dimensions. Among 
sensitive materials used in these sensors, inorganic metal or semiconductor oxides are probably most frequently 
employed as a sensitive layer due to the easiness of their integration as variable resistive elements in classical 
electronic circuits [1]. However, the fabrication of these crystalline materials frequently requires expensive high 
vacuum and/or high temperature processing operations. Moreover, these sensor materials themselves in most cases 
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operate at high temperatures (above 200°C), which often limit their applications [2]. Recently, extensive studies 
have been carried out on nanostructured materials to reduce working temperature and decrease energy consumption. 
One of the main properties of these materials is their high surface/volume ratio. This improved sensitivity in turn 
motivates the application of the materials in a form of their nanoparticles or nanowires, which highly and rapidly 
change their electrical properties when interaction with the gas [3, 4]. Among these materials intrinsically 
conducting polymers (ICP) (polypyrrole, polyaniline (PANI), polythiophene and their derivatives) are considered as 
very promising due to their quite high sensitivity, relative simplicity of their synthesis, light weight, and ability to 
detect gases at ambient temperature [5]. PANI is notable against other ICP due to higher stability and much lower 
cost. Its conductivity can be reversibly controlled either by electrochemical or chemical oxidation/reduction process 
or by protonation/deprotonation in a simple acid-base chemical process. PANI can be blended with thermoplastics. 
The resulting composites effectively combine the mechanical properties of the matrix and the electronic properties 
of PANI and obviously can be used as electronic organic gas sensors [6].  
In this work, the ammonia sensing properties of composite materials based on PANI doped with a sulfonic acid in a 
polyurethane matrix were studied in the ppm range. It is shown that the deposition process of polymer solutions by 
electrospinning compared to the drop coating process improves the sensing properties in terms of sensitivity and 
response time. These results are interpreted by the modification of the morphology of materials. 
2.  Materials preparation 
Emeraldine base was protonated by CSA in different molecular ratio as described in literature [7]. Dichloroacetic 
acid (DCAA) was used as the solvent and as a secondary dopant at a concentration of 2.85% w/w of PANI. This 
choice of a “dopant - solvent” couple for the emeraldine base reduces number of ʌ-conjugation defects in the 
polymer backbone and changes significantly its electronic states. In this work, by processing emeraldine base with 
CSA as dopant and DCAA as solvent and co-dopant, a maximum of conductivity of about 104 S.m-1 is obtained. In 
the perspective of industrial applications and to improve the mechanical properties, the polyaniline salt was blended 
with a polyurethane (PU)  matrix (Bayer, Desmopan). We used a concentration of doped PANI of 16% in PU. To 
produce nanofibers we used a simple post-synthetic method starting from commercially available undoped PANI 
(emeraldine base: PANI EB) powder. PANI EB and CSA powder are mixed in appropriate quantities (to obtain the 
desired stoechiometry) and then slowly added drop wise in dichloroacetic acid under vigorous stirring. After three 
days, the initially blue solution became green and underwent an ultrasonication. At the same time, a PU solution is 
made using the same solvent.  After homogenization and ultrasonication, the solutions containing PU and doped 
PANI were mixed and stirred vigorously for another three days. From the same solution, the polymer was deposited 
on gold interdigitated electrodes by drop coating or by electrospinning.The fabrication technique is shown in Figure 
1. 
 
Figure 1: Drop coating and electrospinning technique 
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The polymers morphologies are shown in Figure 2 
 
Figure 2: PANI-PU composite morphologies deposited by two techniques 
 
As it can be seen the drop coating technique gives nanofibers with a diameter below 100 nm and the 
electrospinng gives nanopores in the same scale. 
 
3. Sensing system 
 
The sensing system is shown in Figure 3: 
 
 
Figure: 3 Sensing system 
 
The sensors are introduced in an exposure chamber to be submitted to a controlled ammonia gas 
concentration. All experiments are preformed at 25°C with a 50% of relative humidity. 
4. Results 
The measurement principle is based on the variation of the resistance of the material submitted to ammonia gas. As 
it can be seen on the Figure 4, the sample deposited by electrospinning gives greater signal amplitudes and a best 
response time. The characteristics are summarized in the Table 1. Moreover this figure shows that the resistance 
increases with the interaction with ammonia and decreases when fresh air is restored. This reversibility is due to the 
reversibility of the protonation/deprotonation reaction of doped PANI. When ammonia is adsorbed by doped PANI, 
it is transformed in ammonium ion due to the interaction with the proton on the emeraldine salt, leading the 
localization of the polarons of the doped PANI and thus the increase of the resistance. When fresh air is restored, the 
ammonium decomposes into ammonia leaving the proton back to the PANI chain and the initial doping level and 
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resistance are restored [8]. The selectivity is of the same order for the both sensors (Figure 5). These better 
metrological parameters for electrospinning samples can be interpreted by the nanoporous morphology. 
 
 
Figure.5: typical response of the sensor: a) drop coating; b) electrospinning 
 
 
Figure 6: Selectivity of the sensors in regards of typical present in atmosphere 
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